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[57] ABSTRACT 

A laser power supply system is described in which 
separate pulses are utilized to avalanche ionize the gas 
within the laser and then produce a sustained discharge 
to cause the gas to emit light energy. A pulsed voltage 
source is used to charge a storage device such as a dis- 
tributed capacitance. A transmission line or other suit- 
able electrical conductor connects the storage device to 
the laser. A saturable inductor switch is coupled in the 
transmission line for containing the energy within the 
storage device until the voltage level across the storage 
device reaches a predetermined level, which level is less 
than that required to avalanche ionize the gas. An ava- 
lanche ionization pulse-generating circuit is coupled to 
the laser for generating a high-voltage pulse of suffi- 
cient amplitude to avalanche ionize the laser gas. Once 
the laser gas is avalanche ionized, the energy within the 
storage device is discharged through the saturable in- 
ductor switch into the laser to provide the sustained 
discharge. The avalanche ionization generating circuit 
may include a separate voltage source which is con- 
nected across the laser or may be in the form of a volt- 
age multiplier circuit connected between the storage 
device and the laser. A tapered transmission conductor 
means such as a tapered parallel plate transmission line 
may be caused to couple one or more saturable inductor 
switches of one size to a laser of a different size. 

19 Claims, 12 Drawing Figures 























U. S. Patent Oct 6, 1987 


Sheet 3 of 4 4,698,518 


FIG. 3 


34 










1 


4,698,518 


MAGNETICALLY SWITCHED POWER SUPPLY 
SYSTEM FOR LASERS 

ORIGIN OF THE INVENTION 5 

The invention described herein was made in the per- 
formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 STAT 435; 42 USC 2457). 

This application is a file wrapper continuation of 
application Ser. No. 727,931, filed Apr. 29, 1985, now 
abandoned. 

BACKGROUND OF THE INVENTION 15 

1. Field of the Invention 

This invention relates to power supply systems for 
providing periodic excitation of electric discharge gas 
lasers. 2 o 

2. Background of the Invention 

High power electric discharge gas lasers such as 
xenon chloride, mercury bromide and carbon dioxide 
lasers can be operated to provide high pulsed output 
energy. To produce such energy the gas within the laser 25 
must be excited (pumped) by means of an intense source 
of (pulsed) electron excitation, either from a high volt- 
age, self-sustained electric discharge or an electron 
beam sustained discharge. The excitation of the gas or 
gases within the laser results in the emission of light 30 
energy of the appropriate wavelength (e.g., ultraviolet, 
visible or infrared), which light energy can then be 
collimated, as is well known in the art. Due to certain 
practical limitations of the electron beam method of 
exciting the laser gases, the self-sustained electric dis- 35 
charge method is becoming the more popular alterna- 
tive. 

To provide a self-sustained electric discharge in an 
electric discharge gas laser (EDGL), one must first 
preionize the gas (low-level ionization), then avalanche 40 
the low-level ionization (avalanche ionize) to the final 
level appropriate for pumping the gas laser, and finally 
excite the gas by sufficient energy to provide the sus- 
tained discharge. Typically, the gas has been preionized 
by the use of low-energy ultraviolet radiation or X-rays. 45 

In the past, single high voltage pulses having fast rise 
times of the order of 10’s- 100’s nanoseconds (ns) and 
discharge pumping pulse durations of the order of 
10’s- 100’s ns or more have been used to avalanche ion- 
ize the gas and then to provide the required sustained 50 
discharge. 

Plasma rail and magnetic switches have been used to 
provide such high energy, rapid rise time and long 
duration pulses. However, magnetic switches using 
self-saturating inductors (reactors) have advantages 55 
over plasma rail switches such as long life, reliability, 
low cost, less complexity and high repetitive rate capa- 
bility. U.S. Pat. No. 4,275,317 teaches the use of satura- 
ble inductors as switches for compressing the width and 
sharpening the rise time of pulses from high-voltage, 60 
high-impedance pulse generators to provide the neces- 
sary excitation to EDGLs. Such saturable inductors, in 
conjunction with capacitance storage devices, compress 
the pulses from the high voltage generator until the 
voltage buildup (and current) reaches a level sufficient 65 
to saturate the inductor, thereby reducing its impedance 
to a very low value and coupling the pulses to the laser. 

A plurality of saturable inductor switches may be used 
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in series to successively compress the pulse and de- 
crease its rise time, as is discussed in the above patent. 

The prior art systems using such saturable inductors 
for providing the electrical energy to avalanche ionize 
and subsequently provide a sustained discharge for 
lasers, while having many advantages over systems 
using plasma rail-type switches, still suffer from several 
deficiencies. First, the amplitude of the voltage pulse 
required to avalanche ionize the laser gas to the proper 
ionization level, which may be of the order of 15 to 20 
kilovolts (kv), is many times greater than the amplitude 
of the pulse (e.g., 2-3 kv) required to provide a sus- 
tained discharge after the gas has been avalanche ion- 
ized. Also, the energy of the avalanche ionization pulse 
need be only a fraction of the discharge energy required 
for the sustained discharge pulse. When a single pulse is 
used to accomplish both functions, the energy level of 
the entire pulse must be high, thereby reducing effi- 
ciency. The impedance of the avalanche ionization 
pulse source will necessarily be too high for the laser 
during the sustained discharge. Furthermore, the output 
saturable inductor switch will be required to switch 
more power than it would if a separate low-energy, 
high-voltage pulse was utilized to avalanche ionize the 
laser gas. 

In addition to the inefficiencies inherent in the use of 
a single pulse to provide the avalanche ionization and 
sustained discharge of the laser, the magnetically 
switched prior art power supply systems for lasers have 
allowed the length of the laser discharge electrodes to 
dictate the size of the core for the output saturable 
inductor switch which transfers the pulse to the laser. 

The output saturable inductor switch for driving 
lasers of the transverse discharge type is conventionally 
incorporated in a transmission line geometry of the 
parallel plate type, as is illustrated in FIGS. 6, 7 and 8 of 
the above patent. Such a geometry dictates the use of a 
rectangular (or racetrack-shaped) core with an opening 
having a width slightly larger than the width of the 
transmission line. In most applications the required 
width of the core, as determined from the performance 
specifications for the saturable inductor, is not equal to 
the length of the laser electrodes. As a result, the core 
width is either too large or too small, thereby resulting 
in an excessive power loss within the core or improper 
switching. For example, an article entitled “Magnetic 
Modulators for Low-Impedance Discharge Lasers” by 
E. Y. Chu, G. Hoffman, H. Kent and T. Beinhardt 
published in the IEEE Conference Record 1982, 15th 
Power Modulator Symposium, pp. 37-46, describes the 
use of an inductor core having a width of one meter for 
switching a pulsed power source to a one-meter-long 
mercury-bromide laser. A parallel plate transmission 
line of approximately one meter in width was used to 
carry the pulses from the switch to the laser electrode. 
The use of a smaller core for the inductor switch would 
have significantly increased the overall efficiency of the 
laser power supply system. 

The present invention solves the above problems by 
providing separate avalanche ionization and sustained 
discharge pulses and a transmission line for coupling a 
saturable inductor core of one size to laser electrodes of 
another size. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a laser 
power supply system is provided in which a high-volt- 
age pulse is initially used to avalanche ionize the gas and 
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then a second high energy pulse is used to produce a 
sustained discharge. The system includes a source of 
voltage which is periodically connected across a first or 
primary capacitance energy storage device (e.g., a bank 
of capacitors and/or a transmission line) to charge the 5 
storage device to a predetermined voltage level which 
is less than the voltage necessary to avalanche ionize the 
laser gases but greater than that necessary to maintain a 
sustained discharge. Conductor means such as a trans- 
mission line joins the storage device and the laser. An 10 
output saturable inductor switch is coupled to the con- 
ductor means and arranged to contain the energy within 
the storage device until the voltage level across the 
storage device reaches a predetermined level. 

An avalanche ionization pulse generator is coupled to 15 
the transmission line or the output switch for supplying 
an avalanche ionization pulse to the laser having a volt- 
age level sufficient to ionize the gas therein in synchro- 
nism with the voltage across the storage device reach- 
ing the predetermined level, whereby the energy from 20 
the storage device is discharged through the saturable 
inductor switch and the laser to provide a sustained 
discharge. 

The avalanche ionization pulse generator may be 
independent from the storage device and coupled di- 25 
rectly across the laser electrodes or to the laser elec- 
trodes through an auxiliary winding on the core of the 
output switch. The pulse generator may also comprise 
additional saturable inductor switches and capacitors (if 
needed) coupled to the conductor means between the 30 
laser and the output switch for utilizing a portion of the 
energy stored in the storage device to form a fast rise 
time, high-voltage avalanche ionization pulse. The con- 
ductor means located between the output switch and 
the laser may also be in the form of a parallel plate 35 
transmission line and tapered to geometrically match 
the core of the output switch to a laser of a different 
size, or may simply be in the form of multiple connec- 
tors to provide uniform voltage and current distribution 
to the laser electrodes. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a power 
supply system in which two separate pulse sources are 
utilized to provide the avalanche ionization and sus- 45 
tained discharged pulses for an EDGL in accordance 
with the invention; 

FIG. 2 is a waveform representation of the pulses 
present at several points in the circuit of FIGS. 1 and 6; 

FIG. 3 is a schematic representation of a portion of 50 
the power supply system of FIG. 1 in which a tapered 
parallel plate transmission line is utilized for coupling a 
saturable inductor switch core of one size to laser elec- 
trodes of a larger size; 

FIG. 4 is a schematic representation of a portion of 55 
the power supply system of FIG. 1 in which a tapered 
parallel plate transmission line is utilized for coupling a 
saturable inductor switch core to laser electrodes of a 
smaller size; 

FIG. 5 is a plan view of another embodiment of the 60 
invention in which three separate output saturable in- 
ductor switches, along with three sections of tapered 
transmission line, are utilized to apply the excitation 
voltages to a laser in accordance with this invention; 

FIG. 6 is a schematic representation of an alternative 65 
embodiment of the present invention in which a plural- 
ity of individual conductors are employed to couple the 
energy from a primary storage device through multiple 
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output-saturable inductor switches to the laser elec- 
trodes; 

FIG. 7 is a schematic representation of another em- 
bodiment of the present invention in which a plurality 
of individual conductors are employed to couple the 
energy from a primary storage device through a single 
saturable switch to the laser electrodes; 

FIG. 8 is a cross-sectional view of an EDGL with 
transverse electrodes which may be connected to the 
power supply system of this invention; 

FIG. 9 is a schematic circuit diagram of another em- 
bodiment of the invention in which the avalanche ioni- 
zation and sustained discharge pulses are derived from a 
common energy source; 

FIG. 10 is a schematic representation of a portion of 
the power supply system of FIG. 9 in which a parallel 
plate tapered transmission line is used to couple the 
output saturable inductor switch to the laser; 

FIG. 11 is a schematic circuit diagram of another 
embodiment of the invention in which a parallel plate 
transmission line in the form of an inner high voltage 
plate and two outer ground plates is connected between 
the pulse source and the laser; and 

FIG. 12 is a schematic representation of another em- 
bodiment of the invention in which a parallel plate 
transmission line having an exponential taper is used to 
couple the energy from the primary storage device to 
the laser electrodes. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

Referring now to FIG. 1, an electric discharge gas 
laser (EDGL) 10 is connected to a first or primary 
capacitance energy storage device 12 (sometimes re- 
ferred to hereinafter as a capacitor) through an output 
saturable inductor switch 14 of the type described in 
U.S. Pat. No. 4,275,317. The capacitor 12 is preferably 
in the form of multiple capacitors or distributed capaci- 
tance in order to obtain a desired pulse shape, as de- 
scribed in the above patent. The capacitor 12 is periodi- 
cally charged from a pulsed high-voltage source 15, 
which includes a power supply 16, a parallel -connected 
capacitor 18, a starting switch 20 and a trigger genera- 
tor 24, The generator 24 periodically opens and closes 
the switch 20 at the proper repetition rate (e.g., 250 Hz) 
to provide the desired pulsed output from the laser 10. 
The pulsed source 15 may include additional pulse- 
forming elements (e.g., inductors and capacitors, if de- 
sired), and the power supply may be any form of suit- 
able pulse generator such as a Marx, LC inversion gen- 
erator or conventional transformer- type generator. 

The output switch 14 in its unsaturated state presents 
a very high impedance to current flow from the capaci- 
tor 12 to the laser 10. When the voltage across the ca- 
pacitor 12 (and the resultant current through the 
switch) reaches a predetermined level, the switch satu- 
rates and presents a very low impedance to current flow 
from the capacitor 12 through the laser 10. The high 
voltage pulse power supply 15 is designed to charge the 
capacitor 12 to a voltage level which is less than that 
necessary to avalanche ionize the gases within the laser, 
but greater (e.g., twice) than the voltage level necessary 
to provide a sustained discharge within the laser. 

A high voltage pulsed power supply 26 is coupled to 
the output inductor switch 14 by means of a winding 30 
to provide avalanche ionization pulses. The trigger 
generator 24 is also coupled to the high voltage pulsed 
power supply 26 to synchronize the discharge pulses 
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from the supply 26 with the charge buildup on the ca- 
pacitor 12 so that voltage on that capacitor will ap- 
proach but not equal the predetermined level necessary 
to saturate the output switch 14 at the time the ava- 
lanche ionization pulse reaches its peak value. 

The saturable inductor’s core (shown at 30 in FIG. 3) 
prior to saturation acts as a good pulse transformer, 
thereby coupling the pulse from the source 26 to the 
laser. The peak voltage of the avalanche ionization 
pulse is sufficient to avalanche ionize the gases within 
the laser. As a result of the avalanche ionization of the 
gases, the impedance across the laser electrodes drops 
from the order of megohms to ohms or fractions of an 
ohm. At this time the voltage across the capacitor 12 
reaches the predetermined level, thereby saturating the 
output switch 14 and causing the capacitor 12 to dis- 
charge through the laser. The discharge from the ca- 
pacitor 12 provides a sustained voltage discharge and 
excitation of the laser. The avalanche ionization pulses 
which may be of the same or opposite polarity as the 
main discharge pulse may be applied directly to the 
laser electrodes via the conductor means (leads 3 6a, 
3 66) which couple the sustained discharge pulses to the 
laser, as is illustrated by the dashed line in FIG. 1. The 
polarity of the avalanche ionization pulses will deter- 
mine whether there will be current or voltage reversal 
in the laser or the saturable inductor. 

Referring now to FIG. 2, waveform A is representa- 
tive of the voltage pulse across the capacitor 12, and 
waveform B is representative of the avalanche ioniza- 
tion voltage pulse impressed across the laser by the 
source 26, winding 30 and transformer 14 in the circuit 
of FIG. 1. As is illustrated in FIG. 2, the pulse B (which 
has a very fast rise time <0.2 fisec) is coupled to the 
saturable inductor core (30 in FIG. 3) at time ti prior to 
saturation of the core. At this time, the core acts as a 
conventional pulse transformer and couples the ioniza- 
tion pulse to the laser. The voltage pulse A will cause 
saturation of the inductor switch 14 after the pulse B has 
avalanche ionized the laser gas. Saturation of the output 
inductor switch core reduces the impedance of the 
switch to a very low level and allows the energy stored 
in capacitor 12 to discharge through the laser. Voltage 
pulse A after time t 2 represents the sustained discharge 
pulse as applied to the laser 10. The time duration (ti to 
t 2 ) of the avalanche ionization pulse is very short com- 
pared to the sustained discharge pulse (t 2 to t 3 ), which 
may last for 100+ ns. The waveforms C, D and E of 
FIG. 2 represent pulses generated in another embodi- 
ment (FIG. 9) of the power supply system of this inven- 
tion and will be discussed later. 

The system of FIG. 1 provides many advantages over 
prior art systems which utilize a single pulse to perform 
the functions of avalanche ionizing the gas and causing 
the sustained discharge. For example, the use of two 
pulses permits the impedance of the sustained discharge 
pulse source (including capacitor 12) to be matched to 
the impedance of the laser load after ionization, thereby 
improving efficiency and saving power. Also, the volt- 
age rating of the capacitor 12 and the size of the output 
switch 14 can be reduced. Further, since the sustained 
discharge pulse is not utilized to avalanche ionize the 
laser gases, the rise time of such pulse may be slower 
than the rise time of the avalanche ionization pulses, 
thereby providing a savings in the cost of the pulsed 
source 15. 

Conductor means in the form of a parallel plate trans- 
mission line for connecting the laser 10 to the output 
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switch 14 and the capacitor 12 is illustrated in FIG. 3. A 
first section 34 connects the capacitor 12 (in the form of 
multiple capacitors as shown) and the switch 14. A 
second section 36 is connected between the end of the 
5 first section (near the switch 14) and the laser 10, as 
shown. It should be noted that the sections 34 and 36 
need not meet at the output switch, but may be joined 
on either side of the output switch. The first section 34 
of the transmission line includes a top plate 34a ar- 
10 ranged to carry the high voltage and a bottom ground 
plate 34 6. The capacitor 12 is illustrated as being in the 
form of discrete capacitors connected between the 
plates 34a and 346. The section of the transmission line 
extending between the capacitors 12a-12e provides 
15 inductance so that the capacitor 12 is in the form of a 
distributed capacitance as described in U.S. Pat. No. 

4.275.317. 

The second section 36 of the transmission line in- 
cludes a top high voltage plate 36a and a bottom ground 
20 plate 366. The free ends of the plates 36a and 366 termi- 
nate in elongated contact members 37a and 376, respec- 
tively. The contact members 37 a and 376 are adapted to 
engage the discharge electrodes of the laser. The satura- 
ble inductor output switch 14 includes a core 30 as 
25 shown in FIG. 3. The minimum dimensions for the core 
30 are dictated by certain parameters of the laser (e.g., 
voltage and current requirements), the final stage of the 
pulse-forming network (e.g., the distributed capacitance 
12a-12<?), and the material properties of the core (Met- 
30 glass® and Mylar®, as discussed in U.S. Pat. No. 

4.275.317, or ferrite). Metglass is a trademark of Allied 
Chemical Corporation for an amorphous metal mixture, 
and Mylar is a DuPont Corp. trademark for a well- 
known plastic film (insulating) material. Ferrites are 

35 nonlinear magnetic materials. 

The inductor switch 14 is usually comprised of only 
one or two turns of the transmission line around the 
core to keep the saturated inductance at a minimum. 
Multiple cores, each having single or multiple turns, can 
40 also be used to provide the required cross-sectional core 
area. The dimensions of the inductor core 30, and par- 
ticularly the width or length divided by two, will nor- 
mally be smaller than the length of the transverse elec- 
trodes of small- to medium-size lasers. For example, a 
45 Xenon chloride (XeCl) laser with discharge dimensions 
of 0.9 cm high, 0.7 cm wide and 42 cm long operated at 
a pulse repetition rate of 250 Hz from a five-section final 
PFN (i.e. capacitor 12) with a total capacitance of 80 nf 
which required an output switch having a core 10 cm 
50 wide and 4 cm 2 in cross-section. The second section 36 
of the transmission line was therefore tapered from 
about 10 cm in width to 42 cm to provide the proper 
interface between the output switch and the laser elec- 
trodes. The tapered transmission line section 36 pro- 
55 vided a constant impedance which matched the impe- 
dance of the straight transmission line section 34. 

The tapered section 36 can also be used to match an 
output switch core having a large width to a laser hav- 
ing a shorter length, as is illustrated in FIG. 4 where like 
60 elements are given the same identification number. For 
example, a very large laser, one having discharge di- 
mensions of 20 X 20 X 100 cm 2 , would require an output 
switch with a core width much longer than the laser. 
The included angle 6 of the taper, as illustrated in FIG. 
65 3, will be dependent upon space considerations, the 
value of the capacitance between the plates 36a and 366, 
and the need to ensure that the pulse wavefront (essen- 
tially arcuate in shape) arrives at the laser electrodes at 
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substantially the same time. A large angle 6 may cause 
the wavefront to arrive at different times, while a small 
angle 6 may result in an excessive capacitance value 
between the plates of the tapered transmission line and 
an excessive amount of energy stored in the capacitance 5 
between the plates with diminished overall efficiency. 

The total capacitance between the plates of the sec- 
ond section 36 of the transmission line can be reduced 
substantially by the use of a parallel network of tapered 
sections and output switches, as is illustrated in FIG. 5. 10 
In this embodiment three parallel output saturable in- 
ductor switches 14' are coupled to three separate pulse- 
forming networks via three straight transmission line 
sections 40, 42 and 44 for providing sustained discharge 
pulses. Each pulse-forming network may comprise the 15 
elements 15, 12 and 20 of FIG. 1 and a single trigger 
generator 24 coupled to the three starting switches 20 
for synchronization purposes. A common source of 
ionization pulses (e.g., element 26 of FIG. 1) may be 
coupled to each core of the switches 14' by suitable 20 
windings. Three tapered line sections 52, 54 and 56 
extend from respective straight sections 46-50 to a com- 
mon end section 58 which is coupled to the transverse 
electrodes of the laser 10. The shorter transition sec- 
tions 52-56 (with their lower capacitance) reduce the 25 
system energy requirements where the optimum core 
width of the output switch is considerably smaller than 
the length of the laser electrodes. 

FIGS. 6 and 7 illustrate the use of multiple connec- 
tors 39 (conductor means) for coupling the energy from 30 
the storage means 12 and conductor or transmission line 
section 34' to the laser 10. As is shown in FIG. 6, multi- 
ple output-saturable inductor switches 14' are used to 
switch the energy from the capacitor 12 into the laser 
load. Individual conductors 39 are wound around the 35 
cores 30' of respective inductor switches 14' in the em- 
bodiment of FIG. 6. In FIG. 7, multiple connectors or 
conductors 39 are wound around a single core 30 of the 
switch 14 and connected to the section 34' at one end 
and to elongated contact members 37 a and 376. 40 

Referring now to FIG. 8, there is shown a cross-sec- 
tional view of the laser 10 depicting the transverse dis- 
charge electrodes 60-and 62 which extend substantially 
the entire length of the laser. Electrode 60 functions as 
the high voltage electrode and is arranged to be coupled 45 
to the high voltage contact member 37 a of the circuit of 
FIG. 3 by means of high voltage feed-throughs 64 
which extend through an insulating support member 65. 

The ground electrode 62 is arranged to be connected to 
the transmission line ground plate contact member 37 b 50 
by means of conductor 66 and bolts 67. Auxiliary elec- 
trodes 68 disposed at the sides of the transverse elec- 
trodes may be connected to a suitable ac source (not 
shown) to provide ultraviolet radiation to preionize the 
gases between the electrodes 60 and 62. A fan 70 and 55 
flowguides 72 cause the gases to circulate within the 
laser envelop 74. 

Referring now to FIG. 9, there is illustrated another 
embodiment of a power supply system for providing 
avalanche ionization and sustained discharge pulses to a 60 
laser in which the energy for both pulses is derived from 
a common capacitance energy storage device 12. The 
dc power supply 16, capacitor 18, trigger generator 24 
and starting switch 20 are used as in the circuit of FIG. 

1 to periodically charge the capacitance storage device 65 
or capacitor 12 through a pulse-forming network (PFN) 

80. While a separate PFN is not illustrated as a part of 
the pulsed power supply 15 in FIG. 1, it is to be under- 
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stood that such a network may be included if needed to 
provide the proper rise time and compression of the 
pulses which charge the capacitor 12, as is well known 
in the art. 

A voltage-peaking section 82 is connected in the 
transmission line between the output-saturable inductor 
switch 14 and the laser 10. The voltage-peaking section 
comprises an additional saturable inductor switch 84 
and a pair of capacitance energy storage devices (capac- 
itors) 86 and 88 connected as shown. The capacitance of 
the storage device 86 (e.g., —20 nf) is about one order 
of magnitude less than the capacitance of the storage 
device 12 (e.g. ~200 0 and about one order of magni- 
tude greater than the capacitance of the storage device 
88 (e.g., —2-4 nf). The output inductor switch 14 and 
capacitor 86 function as a first voltage doubler, and the 
inductor switch 84 and capacitor 88 function as a sec- 
ond voltage doubler. The output switch 14 is arranged 
to switch from a high to a low impedance when the 
voltage across the capacitor device 12 reaches a prede- 
termined level (e.g., —5 kv), which level is below the 
level required to ionize the laser gas (e.g., —16 kv). 
When the voltage across capacitor 12 reaches the pre- 
determined level, the output switch 14 saturates and 
provides a low impedance permitting current to flow 
through the switch and charge capacitor 86. Due to the 
inductance of the switch 14, current continues to flow 
until the voltage across capacitor 86 reaches a level 
approximately twice the predetermined level. At this 
time the inductor switch 84 saturates, transferring 
charge from capacitor 86 to capacitor 88 until the volt- 
age across capacitor 88 reaches a level (e.g., —16 kv) 
sufficient to avalanche ionize the gases within the laser 
10. The output switch 14 remains saturated during the 
time interval required for the voltage-peaking section to 
produce the avalanche ionization pulse. 

When the laser gases are avalanche ionized, the impe- 
dance across the laser electrodes drops to a very low 
value, permitting the charge on capacitor 12 to dis- 
charge through the laser via switches 14 and 84, thereby 
causing a sustained discharge. 

Referring now to FIG. 2, the voltage waveforms of 
the pulses on capacitors 12, 86 and 88 are represented by 
graphs C, D and E, respectively. As is illustrated at time 
4, the output switch 14 saturates and capacitor 86 com- 
mences to charge up. Subsequently, switch 84 saturates, 
allowing some of the energy stored in capacitor 86 to 
charge up capacitor 88, and at time ts the voltage 
(waveform C) across capacitor 88 reaches the level 
necessary to produce avalanche ionization. The rise 
time of the pulses C, D and E may be of the order of 
200, 20 and 5 ns, respectively. It is to be understood that 
the maximum voltage level of the output pulse from the 
voltage peaking section 82 will fully avalanche ionize 
the laser gases, and rise times of the pulses C, D and E 
will be dependent upon the values of the circuit compo- 
nents. Further voltage multiplier sections may be added 
to the voltage peaking section 82 as desired. For exam- 
ple, n voltage multiplier sections can be inserted be- 
tween the output switch 14 and the laser electrodes 
where n is an integer, with each section comprising an 
energy device such as capacitor 86 and a saturable 
switch such as switch 84. 

FIG. 10 is a perspective view of the power supply 
system of FIG. 9 without the pulsed source 15 and PFN 
80, but including an additional voltage multiplier sec- 
tion comprising a third saturable indicator switch 90 
and capacitor 92. The additional voltage multiplier 
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section permits the use of a lower level sustained dis- 
charge voltage pulse (maximum voltage on capacitory 
12 ). 

FIG. 11 illustrates the use of a three parallel plate 
transmission line for connecting the pulsed source 15 (of 5 
FIG. 1) to the laser load 10. The capacitance storage 
device 12 is made of a plurality of lumped capacitors 
100 connected between the high voltage plate 102 and 
the outside ground plates 104. The ground plates 104 
are connected to electrode 62, and the high voltage 10 
plate is connected to the plate 62 as shown. 

FIG. 12 illustrates an exponentially tapered transmis- 
sion line for coupling the energy from the primary stor- 
age capacitor 12 to the laser. Such a transmission line 
results in an impedance variation causing the, circuit to 15 
ring and the voltage pulse to increase in amplitude as it 
travels down the transmission line. The extra pulse 
caused by ringing will avalanche ionize the laser gas to 
the final level necessary for pumping and lower the 
impedance across the laser to a very low level as dis- 20 
cussed previously. The capacitor 12 will discharge into 
the laser and provide the sustained discharge. 

There has been described a laser power supply sys- 
tem which efficiently produces and applies the electri- ^ 
cal energy necessary to fire electric discharge gas lasers. 
Various modifications to the system will be obvious to 
those skilled in the art without departing from the spirit 
and scope of the invention. For example, the capacitor 
12 may be replaced with a transmission line element 3Q 
PFN of variable or constant impedance. Separate ava- 
lanche ionization and sustained discharge pulses may be 
applied to a laser with coaxial as well as parallel plate 
transmission lines. A parallel plate transmission line 
need not have a tapered section. Further, the use of a 35 
tapered section for geometrically matching an output 
switch core of one size to laser electrodes of another 
size is not dependent upon the use of separate pulses for 
providing the avalanche ionization and substained dis- 
charge. 40 

What is claimed is: 

1. In a power supply system for providing energy 
necessary to avalanche ionize gas and subsequently J;he 
energy necessary to provide a sustained discharge of the 
gas after ionization thereof in an electric discharge gas 45 
laser having discharge electrodes in which a voltage 
necessary to avalanche ionize the gas exceeds a sus- 
tained discharge voltage, the combination which com- 
prises: 

(a) a source of electrical energy; 50 

(b) a first energy storage device; 

(c) means connected between the electrical energy 
source and the first energy storage device for peri- 
odically charging the first energy storage device; 

(d) conductor means connected between the first 55 
energy storage device and the discharge electrodes 
of the laser; 

(e) output saturable inductor switch means coupled to 
the conductor means and providing a high impe- 
dance to current flow through the conductor 60 
means when voltage across the first energy storage 
device is less than a predetermined level and a low 
impedance to current flow through the conductor 
means when the voltage across the first energy 
storage device reaches said predetermined level, 65 
the predetermined level being less than the ava- 
lanche ionization voltage and greater than the sus- 
tained discharge voltage; and 
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(f) avalanche ionization pulse-generating means cou- 
pled to said conductor means for supplying an 
avalanche ionization pulse to the discharge elec- 
trodes of the laser having a voltage sufficient to 
avalanche ionize the gas therein and in synchro- 
nism with the voltage level across the storage de- 
vice reaching said predetermined level, whereby 
the energy from the storage device will be dis- 
charged through the laser to provide a sustained 
discharge. 

2. The system as defined in claim 1 wherein the ava- 
lanche ionization pulse-generating means is coupled to 
the conductor means for impressing the avalanche ioni- 
zation pulse directly across the discharge electrodes of 
the laser. 

3. The system as defined in claim 1 wherein the out- 
put saturable inductor switch means includes a mag- 
netic core and the avalanche ionization pulse-generat- 
ing means includes a winding on said core and a high 
voltage pulse source connected to said winding. 

4. The system as defined in claim 1 wherein the ava- 
lanche ionization pulse-generating means includes at 
least a second energy storage device coupled to the 
conductor means between the output saturable inductor 
switch means and the discharge electrodes of the laser 
for impressing a voltage at least equal to the avalanche 
ionization voltage across the discharge electrodes when 
the impedance of the output saturable inductor switch 
means is low. 

5. The system as defined in claim 4 wherein a second 
saturable inductor switch is connected between the 
second energy storage device and the discharge elec- 
trodes of the laser and arranged to provide a high impe- 
dance until the voltage across the second energy stor- 
age device reaches a level at least equal to the avalanche 
ionization voltage. 

6. The system as defined in claim 1 wherein the ava- 
lanche ionization pulse-generating means includes n 
voltage multiplier stages coupled between the output 
saturable inductor switch means and the discharge elec- 
trodes of the laser where n is an integer, each voltage 
multiplier stage comprising a saturable inductor switch 
and an electrical energy storage device coupled to the 
conductor means, the switches and storage devices 
being arranged to increase the peak voltage at each 
stage so that the peak voltage across the discharge elec- 
trodes is at least equal to the avalanche ionization volt- 
age. 

7. The system as defined in claim 5 including a third 
energy storage device connected between the second 
saturable inductor switch and the laser discharge elec- 
trodes. 

8. The system as defined in claim 1 wherein the con- 
ductor means is a transmission line. 

9. The system as defined in claim 1 wherein the con- 
ductor means comprises a plurality of individual con- 
ductors. 

10. The system as defined in claim 9 wherein the 
output saturable inductor switch means comprises a 
separate saturable inductor switch coupled to each con- 
ductor. 

11. The system as defined in claim 2 wherein the laser 
is of a transverse electrode type and the transmission 
line comprises two sections of parallel plates joined 
together with the second section being connected to the 
discharge electrode of the laser, the length of the dis- 
charge electrode being different than the maximum 
width of the first section, the second section being ta- 
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pered from a width substantially equal to the maximum 
width of the first section to a width approximately equal 
to the length of the laser electrodes. 

12. The system as defined in claim 11 wherein the 
second section of the transmission line provides an im- 5 
pedance variation to cause the voltage pulse from the 
first energy storage device to increase in amplitude as it 
travels toward the laser discharge electrodes. 

13. The system as defined in claim 1 wherein the laser 

is of a transverse electrode type and wherein the output 1 ° 
saturable inductor switch means comprises a plurality 
of saturable inductor output switches and the conductor 
means comprises a first and a second parallel plate trans- 
mission line associated with each output switch, one end 
of the first and the second parallel plate transmission 15 
lines being joined together adjacent the respective satu- 
rable inductor output switch with each output switch 
extending around one plate of the first respective trans- 
mission line, the other end of the first transmission line 
being connected to the first energy storage device, each 20 
second transmission line tapering outwardly from said 
one end and means joining the other ends of the second 
transmission lines adjacent the discharge electrodes 
whereby the avalanche ionization pulses transmitted by ^ 
each output switch are applied simultaneously to sub- 
stantially separate portions of the laser. 

14. In a magnetically switched pulse-forming system 
for providing excitation current from a pulsed voltage 
source to an electric discharge gas laser to avalanche 3Q 
ionize and excite the gas therein, the laser having a pair 
of transverse discharge electrodes, the combination 
which comprises: 

(a) a pulse-forming network including a first energy 
storage device and a first parallel plate transmission 35 
line having a first and a second end with the first 
end connected to the pulsed voltage source; 

(b) A second parallel plate transmission line having a 
first and a second end with the first end thereof 
connected to the second end of the first transmis- 40 
sion line and the second end thereof coupled to the 
laser traverse discharge electrodes for coupling 
energy from the pulse-forming network to the la- 
ser, the second transmission line having a taper 
with the width at one end thereof substantially 45 
matching the width of the first transmission line 
and at the other end substantially matching the 
length of the laser electrodes; and 

(c) an output saturable inductor switch coupled in the 
first transmission line for controlling the transfer of 50 
pulses from the pulsed voltage source to the laser 
traverse discharge electrodes. 

15. The system as defined in claim 14 wherein the 
output saturable inductor switch has a magnetic core 
with an elongated opening therein through which one 55 
plate of the first transmission line extends. 
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16. The system as defined in claim 15 wherein the 
width of the elongated opening in the core of the output 
saturable inductor switch is smaller than the length of 
the laser electrode. 

17. The system as defined in claim 15 wherein the 
width of the elongated opening in the core of the output 
saturable inductor switch is larger than the length of the 
laser electrodes. 

18. In a magnetically switched pulse-forming system 
for providing excitation current from a pulsed source to 
an EDGL to avalanche ionize and excite the gas 
therein, the laser having a pair of transverse electrodes, 
the combination which comprises: 

(a) a plurality of pulse-forming networks, each net- 
work including a first parallel plate transmission 
line having first and second ends, the first end of 
each said transmission line being connected to the 
pulsed source; 

(b) a plurality of second parallel plate transmission 
lines, each second transmission line being associ- 
ated with a respective first transmission line having 
a first and a second end the first end of each second 
transmission line being connected to the second 
end of a respective first transmission line and the 
second end of each second transmission line being 
coupled to the laser electrodes so that each second 
transmission line is coupled to a substantially sepa- 
rate portion of the electrodes; and 

(c) an output saturable inductor switch coupled in 
each first transmission line for controlling the 
transfer of pulses from the pulsed source to the 
laser electrode. 

19. The method of providing excitation energy to an 
electric discharge gas laser having a pair of discharge 
electrodes comprising: 

(a) periodically charging a primary storage device to 
a predetermined voltage level which is lower than 
that necessary to avalanche ionize the gas within 
the laser and higher than that necessary to produce 
a sustained discharge of the gas; 

(b) periodically applying avalanche ionizing pulses 
directly to the laser discharge electrodes which 
have a voltage level sufficient to avalanche ionize 
the gas within the laser in synchronization with the 
voltage across the primary storage device reaching 
said predetermined level; 

(c) connecting the primary storage device across the 
laser discharge electrodes with a magnetic switch 
in a saturable state when the voltage across the 
primary storage device reaches said predetermined 
level to produce a sustained discharge; and 

(d) disconnecting the primary storage device from 
the laser discharge electrodes through the same 
magnetic switch in a non-saturable state at the 

termination of the sustained discharge. 
***** 
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